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ALPHA—DIVERSITY 

HIGHLIGHTS 

ECOLOGICAL RESTORATION 

 

SWBE Technique—live wooden crib wall 

PERMANOVA suggests that the plots tend to differ in terms of composition (R² = 0.390, F = 1.71), 

but this difference is not statistically significant at 5% (p = 0.053). However, the p-value close to 

the threshold may indicate a biologically relevant trend. Beta-dispersion analysis confirmed the 

homogeneity of the variance between the groups (F = 0.372, p = 0.815). Overall, the NMDS analy-

sis results suggest that there are trends of differentiation between plots. 

ABSTRACT 

VOTE FOR OSPP 

• The restoration of a landslide using Soil and Water Bioengineering (SWBE) techniques 

promoted multi-taxonomic biodiversity. 

• The restored site shows increased soil stability and advanced ecological succession. 

• Analyses of herbaceous vegetation, soil microorganisms and pedofauna show differences 

between the different study sites. 

• Nature-Based Solutions (NBS) offer both technical and long-term ecological benefits. 

Landslides are complex geomorphological events that not only alter the physical structure of 

landscapes but also initiate a cascade of ecological processes at both local and regional scales. Whi-

le landslides are often perceived as purely destructive phenomena—with negative impacts on ter-

restrial and aquatic organisms—they also play a vital role in ecosystem dynamics. By exposing new 

substrates, redistributing soil and organic matter, and modifying hydrological regimes, landslides 

contribute to nutrient cycling and create opportunities for ecological succession and habitat coloni-

zation. Despite their importance, the ecological processes triggered by landslides remain underex-

plored in scientific literature. 

In recent years, increasing attention has been given to ecological restoration strategies that not 

only mitigate geotechnical risks but also enhance environmental resilience. Among these, Nature-

Based Solutions (NBS) have emerged as innovative approaches that harness natural processes to 

restore, protect, and manage disturbed ecosystems. A specific category of NBS, known as Soil and 

Water Bioengineering (SWBE), combines living plant materials with structural elements such as 

wood and stones to stabilize slopes, control erosion, and restore vegetation cover. These techni-

ques aim to simultaneously ensure mechanical stability and promote ecological functionality, 

offering a holistic alternative to traditional engineering approaches. 

Understanding the long-term ecological outcomes of SWBE interventions is crucial to evaluate 

their effectiveness beyond technical stabilization. In particular, assessing biodiversity—across multi-

ple taxonomic groups—can provide insights into how restoration efforts influence ecological suc-

cession and community assembly following landslide events. This study addresses this gap by in-

vestigating the biodiversity complexity of vegetation, soil microorganisms, and insects in a shal-

low landslide restored using SWBE methods, compared to naturally evolved and minimally distur-

bed control sites in the Apuan Alps (Tuscany, Italy). 
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METHODS 

MULTI-DISCIPLINARY SAMPLING DESIGN 

VEGETATION: TREES AND SHRUBS—COMPLETE FORESTRY SURVEY; FLORISTIC 

COMPONENT—BRAUN BLANQUET METHOD 

PEDOFAUNA: PITFALLS TRAPS INSIDE AND OUTSIDE LANDSLIDE DIFFERENT SITES. 

SOIL MICRO-ORGANISM: SOIL SAMPLES FOR EACH SITES; ECOPLATES ANALYSIS 

FOR METABOLIC PROFILE EVALUATION + METAGENOMIC ANALYSIS (SHOTGUN). 

 

RESULTS 

BETA—DIVERSITY 

CONCLUSION AND DISCUSSION 

Research findings highlight the ecological value of Soil and Water Bioengineering (SWBE) interventions in post-

landslide landscapes. The restored site not only exhibited greater slope stability but also supported a well-

developed ecological succession, as reflected in both the structural complexity of vegetation and the diversity of 

soil biota and insect communities. These results indicate that SWBE techniques go beyond their technical role in 

erosion control and contribute meaningfully to the re-establishment of ecological processes. 

Vegetation data revealed higher alpha diversity in the SWBE-restored site, suggesting that stabilized conditions 

promote both colonization and persistence of a broader range of herbaceous species, also combined trees and he-

raceous component that contribute also to slope stabilisation (Preti et al., 2025). In parallel, the alpha– and beta-

diversity analysis of soil microbial and insect communities show us mainly no difference between the SL and CL si-

tes; diversity indexes trends reveal a better specie community in the restored site.  

This study demonstrates the value of using a multi-taxon approach to assess restoration outcomes, that could 

help us understanding ecosystem recovery dynamics. The interdisciplinary methodology adopted aligns with cur-

rent ecological restoration frameworks that emphasize long-term monitoring and ecosystem multifunctionality. 
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PERMANOVA confirms the absence of significant differences in composition 

between plots (R² = 0.112, F = 0.84, p = 0.646). Furthermore, the test for homoge-

neity of dispersions (beta-dispersion) showed no significant differences between 

the multivariate variances of the plots (F = 0.562, p = 0.661), supporting the relia-

bility of the PERMANOVA result. NMDS analysis shows a strong overlap between 

the sample groups, suggesting a similar composition of soil microbial communi-

ties between the different plots.  

The analysis of the herbaceous species composition shows significant differences between the 

plots, PERMANOVA (R² = 0.416, F = 4.27, p = 0.001). Beta-dispersion analysis (F = 1.74, p = 

0.154) suggests that these differences are not attributable to variations in multivariate disper-

sion, but actually reflect variations in floristic composition. These results indicate a well-

defined structure of the herbaceous communities between the plots analysed. 

FURTHER RESEARCH 

SWBE techniques represent a promising model for landslide restoration, where technical stabilization is harmonized with biodiversity enhancement. 

Multi-diversity indices will be evaluated to highlight the relationships among different taxonomic groups, to better comprehend ecological processes 

activated by SWBE restoration. Their effectiveness depends on both the design and the environmental context, but when properly implemented, they 

offer a cost-effective, sustainable solution aligned with Nature-Based Solutions principles. Continued monitoring is needed to fully understand the long-

term trajectories of biodiversity and ecological function in these systems. Nevertheless, this case study from the Apuan Alps provides evidence for the 

integration of ecological criteria into post-disaster landscape recovery and slope management strategies. 

INTRODUCTION 

CASE STUDY 


